Abstract: Green, sensitive and selective spectrophotometric methods were developed for the determination of nitrite in water samples. The methods (A, B and C) are based on the reduction of 5-nitroimidazoles; metronidazole (MTL), secnidazole (SCL) and tinidazole (TNL), respectively, followed by diazotization using nitrite in acidic medium, then coupling with pyrogallol (PG). The amount of nitrite was determined by measuring the absorbance of the colored product at 385 nm. The new methods were linear in the ranges of 2.5-30 μgml .
Introduction
Nitrite and nitrate are common anions present in water and soil environmental systems; nitrite can be formed by biological oxidation of ammonium and it can be converted subsequently to nitrate. Nitrite can be present in high concentrations in soil as well as industrial and ground water. This high concentration of nitrite can lead to serious health problems for humans and animals; nitrite reacts with amines forming N-nitrosamines, which are possible carcinogens of both animals and humans [1] . It is also known that trace amounts of nitrate and nitrite in drinking water may lead to interaction of nitrite with iron (III) of the hemoglobin, which affects the oxygen-ability function, leading to a fatal form of anemia disease in infants called methemoglobinemia. The World Health Organization recommended that the maximum level of nitrite in drinking water does not exceed 3 μgml −1 [2] based on possible health risks of long exposure. It is reported that nitrite levels provide good indexes of organic pollution in water when it correlates with other forms of nitrogen in water [3] . Thus, the assessment of nitrite is very important and several methods were reported for determination of nitrite in different water samples such as chromatography [4] [5] [6] , electrophoresis [7] , spectrofluorimetry [8, 9] and electrochemical methods [10] [11] [12] which are relatively expensive methods. Another class of reported methods is based on spectrophotometric methods [13] [14] [15] [16] [17] [18] , which are usually based on reactions that involve using organic solvents, toxic reagents and heating. Some methods are based on kinetic spectrophotometry [14, 19] . The official method for the analysis of nitrite and nitrate is based on the diazotization reaction of sulfanilic acid, then coupling with N-(1-naphthyl) ethylene diamine hydrochloride, which produces carcinogenic products [20] .
The present work involves the development of new simple and sensitive methods for the determination of nitrite based on the diazo coupling reaction in aqueous medium, which utilizes new aromatic amine precursors derived from nitroimidazoles via facile zinc reduction (Figure 1 ), as they are water soluble, and easily reduced using zinc powder, then diazotized using sodium nitrite. Pyrogallol (PG) was used also as a coupling agent since it is nontoxic and produces stable diazocoupling products with the corresponding diazonium salts. The produced diazo dyes are stable in aqueous medium and show intense absorption spectra at 380 nm. The developed methods were successfully applied for the determination of nitrite ion in different water samples. The new developed methods replace the hazardous reagents which are usually used in diazocoupling based methods for determination of nitrite, by environmentally friendly and cost effective reagents. Also, the spectrophotometric methods have advantages over spectrofluorimetric and other sophisticated methods, of being cost effective with good sensitivity.
Materials and methods

Materials
All chemicals and reagents were of reagent grade. Sodium nitrite was from Loba Chemie (Mumbai, India), metronidazole (MTL), secnidazole *Corresponding author: Safwan M. Fraihat, Department of Chemistry, College of Science, Aljouf University, Sakaka 966, Saudi Arabia, e-mail: safwanf@yahoo.com (SCL) and tinidazole (TNL) were from Acros Organics (99%) (Geel, Belgium), PG was from Scharlan (99%) (Barcelona, Spain), and zinc powder was from Loba Chemie (Mumbai, India). Double distilled water was used for preparation of all solutions.
Apparatus
A double beam spectrophotometer system (Labomed Inc., UV-3500, Los Angeles, CA, USA) was used with a spectral bandwidth of 1.0 nm, wavelength accuracy ± 0.3 mm and 1 cm quartz cells were used.
Preparation of solutions
A stock solution of 100 μgml −1 of sodium nitrite was prepared in double distilled water with 2 ml of 0.1 M NaOH as a preservative. MTL, SCL and TNL solutions were prepared by dissolving 0.05 g in 100 ml double distilled water 2.92, 2.70 and 2.02 mm for the three compounds, respectively. PG solution was prepared by dissolving 0.11 g of the solid in 100 ml double distilled water and was used daily.
Proposed method
The reduction step was performed by the addition of 0.5 g zinc powder to 100 ml of MTL, SCL and TNL aqueous solutions, followed by the addition of 10 ml of 1 m HCl solution; the mixtures were stirred at room temperature for 15 min, then filtered through filter paper.
Different volumes of 100 μgml −1 nitrite solutions were transferred into 10 ml volummetric flasks and cooled to 0-5°C; 1 ml of corresponding reduced MTL, SCL, TNL was then added and cooled for 10 min. Then, 1 ml PG was added, the mixtures were warmed for 15 min at 70°C, and the absorbance values were measured.
Results and discussion
Optimization of variables
The developed spectrophotometric method is based on the reduction of 5-nitroimidazoles using zinc in acidic medium to produce the corresponding amines, and then diazotization reaction of these amines is performed using nitrite. This is followed by coupling with PG, which gives a colored product that has a maximum absorption spectrum at 380 nm and a shoulder at about 450 nm. The reaction scheme is shown in Figure 2 . The absorption spectrum of the colored diazocoupling reaction products of the precursors MTL, SCL and TNL was found to correlate with the amount of nitrite. This behavior can be manifested for MTL in Figure 3 . Different factors were found to affect the absorbance of the final product, including temperature, pH, time and concentration of the amines and PG.
These factors were studied using the univariate method, studying the effect of each factor while keeping other factors constant. The dizotization step was performed at a fixed temperature of 0-5°C to maintain the diazonium salt stable. The effect of pH was very important; it was found that at high pH values, turbidity started to form and the absorbance of the product was reduced. Optimum pH was in the range of 3-4.5. The effect of the concentration of reduced MTL, SCL and TNL was investigated using fixed amounts of both nitrite and PG, and the optimum volume was found to be 1 ml. The optimum volume of PG was determined by the variation of the volume while keeping the volumes of nitrite and the reduced solutions constant, and the results show that 1 ml is the optimal value.
The progress time of the coupling reaction was studied, as shown in Figure 4 . The reaction goes to completion after about 5 min at room temperature.
Validation and applications
The calibration graphs were constructed using the optimum conditions, as shown in Table 1 . The proposed methods have a wide dynamic range with a low limit of detection compared to many reported methods. The new methods have also been applied to different real water samples by spiking 1 μgml −1 of nitrite to these samples, and the results shown in Table 2 revealed that the methods are both accurate and precise. The effect of possible interfering ions was studied by determination of the maximum concentration limit (average value of the three methods) that do not cause more than 5% error in absorbance values of nitrite (1.0 μgml
−1
). As shown in Table 3 , the proposed methods are quite selective, and possible basic ions could be controlled by adjusting the pH at 3.5, on the other hand the tolerance levels of some cations can be increased by the addition of 2 ml of 2% EDTA. The developed methods are considered green since neither organic solvents nor toxic reagents were used.
Conclusions
New green, selective and cost effective colorimetric methods were developed for the determination of nitrite in different water samples. These methods were based on a new diazo coupling reaction. They were simple and sensitive, and all materials used were solvent free, nontoxic and environmentally friendly.
